A series of simple and phenol-free silica-based protocols for isolating and cleaning RNA or DNA fragments from different sources were developed. Cytoplasmic RNA isolated from hybridoma cells by this method was used in RT-PCR. DNA fragments obtained using this protocol were suitable for further subcloning, gene transformation and DNA sequencing.
Introduction
Isolation and purification of DNA or RNA is a routine but necessary procedure for molecular biology experiments. Many biochemical product suppliers offer a variety of kits for nucleic acid binding and clean-up. Unfortunately, the prices of most kits are high and manufacturers do not reveal the components of their products. Using information provided by published research (Hengen, 1994) , it is possible to develop improved nucleic acid isolation and purification methods. A series of simple and inexpensive protocols for DNA purification and RNA isolation will be presented in this paper. These protocols have been used successfully in our laboratory for purification and cleaning of DNA fragments from restriction enzyme digestion, PCR reaction mixtures, agarose gels and plasmid preparations. RNA can be isolated from animal cells or bacteria by a similar protocol. The purified DNA fragments or plasmid DNA are suitable for further restriction enzyme digestion, ligation, transformation, DNA sequencing and cloning experiments. These protocols eliminate the use of phenol in DNA and RNA extraction. Vogelstein and Gillespie (1979) demonstrated that DNA fragments from an agarose gel would bind to glass powder nearly quantitatively in the presence of saturated sodium iodide.
After washing the DNA-bound glass powder with Tris/ NaCl/EDTA buffer in 50%(v/v) ethanol to remove the chaotropic salt, the bound DNA was eluted with Tris/ NaCl/EDTA buffer. The purity of the recovered DNA was high. Later experiments proved that other silica-based substances, glass fiber (Chen and Thomas, 1980) silicon dioxide particles (Boom et al., 1990) or diatomaceous earth (Boom et al., 1990, Carter and Milton, 1993) , have the same ability to absorb DNA fragments in concentrated chaotropic salt solutions. Sodium perchlorate showed an effect similar to sodium iodide for agarose gel solubilization and DNA binding (Chen and Thomas, 1980) . Guanidine thiocyanate (GuSCN), an RNase inactivator, also can be used for binding nucleic acids as well as other chaotropic salts (Boom et. al., 1990) . Using this information, it is possible to design inexpensive and simple nucleic acid isolation and purification protocols for use in routine molecular biology or microbiology experiments.
Materials and methods

Preparation of nucleic acid binding matrix
Acid-washed / calcined diatomaceous earth (Sigma) was used as the DNA or RNA binding matrix. To remove very fine particles, 1 g diatomaceous earth was suspended in 8 to 10 ml distilled water and this suspension was allowed to settle in a 10 ml graduated cylinder for 20 min. The settled particles were resuspended in distilled water and the final volume was adjusted to 5 ml. After sterilization by autoclaving, the nucleic acid binding matrix was stored at 4°C.
DNA binding and washing solutions NaClO 4 , 6 M, was used to dissolve the agarose gel and as the DNA binding solution. For removal of chaotropic salts from the binding matrix, a mixture of one volume 0.2 M NaCl containing 2 mM EDTA in 20 mM Tris/HCl buffer (pH 7.4) and one volume of 95 %(v/v) ethanol was used as a washing solution.
Pre-treatment of samples (1) DNA fragments from agarose gels
The agarose gel slice [approximately 6 mm (W) ϫ 3 mm (L) ϫ 3 mm (H), weighing 60 to 100 mg] that contained the DNA fragments was mixed with 500 µl of DNA binding solution. The gel was gently vortexed and dissolved within 20 min.
(2) DNA fragments from PCR About 30 to 50 µl chloroform was added to the PCR reaction mixture for removal of the mineral oil. After vigorously mixing for 10 s, reaction vials were centrifuged at 12,000 ϫ g for 2 min and the upper layer of the DNA solution was transferred carefully to a new microcentrifuge tube and mixed with about 200 to 300 µl DNA binding solution. This mixture was ready for DNA purification.
DNA purification
Ten to twenty microliters of binding matrix was added to the DNA solution mixture. The final concentration of sodium perchlorate was at least 4 M (Chen and Thomas, 1980) . After shaking this suspension gently for 5 min, it was centrifuged at 16,000 ϫ g for 20 s to pellet the DNA bound to the binding matrix. The pellet was washed twice by resuspension in 200 µl washing buffer and centrifugation at 16,000 ϫ g for 20 s. The clean pellet was air-dried at room temperature. The DNA fragments were recovered from the matrix by adding 20 to 30 µl distilled water or TE buffer (10 mM Tris/HCl, pH 7.4, 1 mM EDTA) and incubating at 37°C for 5 min prior to centrifuging at 12,000 ϫ g for 1 min. The solution of DNA was transferred into a new microcentrifuge tube for further use and the pellet was discarded.
RNA isolation Three protocols are described below for isolation of RNA from different sources.
(1) Mammalian cells This method was modified from a cytoplasmic RNA isolation protocol described by Sambrook et al. (1989) . Approximately 10 ml of cell suspension (3 ϫ 10 5 cells / ml) was pelleted by centrifugation at 650 ϫ g for 5 min, at 4°C. The cells were washed with 4 ml ice-cold PBS (0.02 M Na 2 HPO 4 /NaH 2 PO 4 , pH 7, 0.8% NaCl) and centrifuged at 650 ϫ g for 5 min at 4°C. The PBS-washed cell pellet was resuspended with 1 ml ice-cold PBS and transferred to a new microcentrifuge tube. Cells were centrifuged at 750 ϫ g for 2 min at room temperature. The pellet was resuspended with 200 µl RNA extraction solution [0.14 M NaCl, 1.5 mM MgCl 2 , 10 mM Tris/HCl (pH 8.6), 0.5%(v/v) NP-40 (Sigma) and RNasin (Promega, Madison, WI, 400 units / ml of RNA extraction solution)] for 15 s with gentle vortexing, then held on ice for 5 min.
The suspension containing cytoplasmic RNA was recovered by centrifugation at 12,000 ϫ g for 5 min at room temperature. The supernatant was transferred into a new microcentrifuge tube and the cytoplasmic RNA was isolated using the nucleic acid binding matrix.
(2) Gram-negative bacteria The RNA isolation protocol was modified from a phenol / chloroform extraction method described by Barry et al. (1992) . A 1.3-ml overnight bacterial culture was centrifuged at 12,000 ϫ g for 1 min at room temperature. The cell pellet was resuspended with 20 µl distilled water and 3 µl of 0.5 % diethyl pyrocarbonate (DEPC). The cell suspension was mixed with 200 µl of ice-cold acetone with brief vortexing for 10 s and centrifuged at 12,000 ϫ g for 2 min at room temperature. The pellet was resuspended with 30 µl of RNase-free water and 1 µl proteinase K solution (20 mg / ml). After holding at room temperature for 5 min, an additional 70 µl RNase-free water was added. This mixture was centrifuged at 12,000 ϫ g for 5 min at room temperature and 60 µl of clear supernatant was transferred carefully into a new microcentrifuge tube without disturbing the viscous precipitate, which contained chromosomal DNA. This supernatant was ready for further RNA isolation.
(3) Gram-positive bacteria Cells were collected from 1.3 ml of an overnight culture by centrifugation at 12,000 ϫ g for 1 min at room temperature. The cell pellet was washed with 200 µl RNasefree water and cells were again collected by centrifugation. The pellet was resuspended with 30 µl RNA extraction solution (1% SDS and 0.05% DEPC). The cell suspension was held at room temperature for 5 min, then 70 µl of RNase-free distilled water was added and mixed gently by vortexing. This viscous mixture was centrifuged at 12,000 ϫ g for 5 min at room temperature. About 60 µl of supernatant was transferred carefully into a new microcentrifuge tube for RNA binding.
The RNA binding procedure is similar to the DNA purification method described above. A 60% (w/v) GuSCN solution was used as the RNA binding solution and to inactivate RNase. One volume of RNA solution derived from the RNA extraction procedure was mixed with five volumes of RNA binding solution. Ten to twenty microliters of nucleic acid binding matrix was added to the RNA solution mixture. After cleaning the matrix bound RNA with washing solution twice, the bound RNA was eluted using RNase-free distilled water.
Results and discussion
The diatomaceous earth-based DNA purification protocol has been used successfully in our laboratory as a routine K. Koo et al.
